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This article describes a new set of design challenges for online learning 
associated with a move from large learning management systems to educational 
content and instructional applications (apps) accessed via mobile devices (e.g., 
smart phones, tablets) that provide connectivity via cellular telephony. Single-
purpose apps with a design model that includes instructional clarity, learner 
specificity, and accessibility are advocated. With the enterprise of education 
becoming increasingly global, new complications for learning are emerging from 
issues such as cultural norms and divergent levels of prior knowledge. Universal 
design for learning is contrasted with the tenet of “simplicity of design” when 
considering an instructional design philosophy for current and future mobile 
devices.   
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INTRODUCTION 

Design challenges continue to plague educators who work to develop and implement 
effective instructional and assistive technologies at all levels of the educational enterprise. 
Much effort has gone into creating standards for accessibility of online materials for persons 
with disabilities (see W3C, n.d.). Likewise, there has been significant progress towards 
consensus on a set of guidelines for delivery of digital educational content and pedagogical 
procedures online via the Internet (see CAST, 2015). With the advent of mobile devices (i.e., 
smart phones, tablets that connect via cellular telephony), a new demand for content and 
interaction style has occurred that may not be compatible with the instructional design 
precepts of the past. Looking back to the roots of individualisation in the context of the future 
reality of mobile technologies provides a point of departure for three best practice themes: (a) 
instructional clarity, (b) learner specificity, and (c) accessibility. This is especially important 
as the educational enterprise becomes increasingly global, thus introducing complications for 
learning due to issues such as cultural norms and divergent levels of prior knowledge. A 
focus on the research literature from the field of special education may provide a best-fit 
overview regarding the diversity and divergence of considerations required for these new 
instructional design challenges. 
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CHASING A DESIGN FOR THE FUTURE 

Much attention and effort, along with considerable resources have been expended in a quest 
for a design model that would provide access to both educational content and proclivity for 
learning that is comprehensive, all-inclusive, and international. Much of this effort over the 
past two decades has been focused on (a) educational content accessed from the Internet 
directly, and (b) large-scale learning management systems (LMS) accessed through a 
restricted server-based system or intranet.  

Universal Design for Learning 

Universal design for learning (UDL) is a design archetype that mirrors an architectural 
paradigm for designing buildings and other structures such that additional retrofitting to 
accommodate persons with physical or sensory disabilities is not required (e.g., a ramp or 
wide door frame for a wheelchair, or Braille embossing or audio prompts in an elevator for 
persons who are blind). This design conviction provides a practical solution (i.e., savings in 
cost, time, energy associated with adding modifications later) while also addressing the social 
justice issue of full inclusion regardless of disability. For example, UDL proponents suggest 
that a universal design for educational materials can be achieved by including multiple means 
of (a) representation, (b) action and expression, and (c) engagement (see Table 1). 

Table 1 

Examples of UDL Multiple Means for Three Design Areas (National Center on Universal Design for 
Learning, 2012) 

Representation Action and Expression Engagement 
Provide options for perception 
 
Example: All audio also 
available as text 
 

Provide options for physical 
action 
 
Example: Navigation via 
mouse, keyboard, touchscreen, 
verbal command 

Provide options for 
incentivising interest 
 
Example: Constraints 
employed to minimise 
distractions outside of a 
particular task 

Provide options for language 
and symbols 
 
Example: Audible dictionary 
for text 
 

Provide options for expression 
 
Example: Test questions 
provided via audio, answers 
returned by voice recording 

Provide options to sustain 
persistence 
 
Example: Regular and 
consistent feedback is 
provided all the way to 
mastery 

Provide options for 
comprehension 
 
Example: Highlight critical 
features and main ideas 
 

Provide options for executive 
function 
 
Example: Student access to 
time management or 
assignment scaffolding tools 

Provide options for self-
regulation 
 
Example: Self-assessment and 
reflection are part of all 
evaluations 
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UDL is not presented as an actual theory of learning for the digital age, such as Mayer’s 
(2002) cognitive theory for multimedia learning, which has a solid base from empirical 
research. Nonetheless, it has been and continues to be of significant influence on educational 
research, development, and policy. UDL is defined in the United States as a “scientifically 
valid framework for guiding educational practice” (Higher Education Opportunity Act, 2008, 
p. 12). And while there are many published articles promoting the practical merits of UDL 
techniques for both students with disabilities and their typical peers (King-Sears, 2014), the 
empirical basis for these claims seem to be insufficient. While any single design strategy that 
is promoted by UDL principles may have an adequate research base (Boone & Higgins, 
2015), many researchers find the empirical basis for claims of improved student achievement 
to be lacking (Edyburn, 2010; King-Sears, 2014; Roberts, Park, Brown, & Cook, 2012). “[I]t 
is difficult to assess any one of them [UDL principles] within the larger UDL multiple means 
milieu of options. It is especially difficult to do this in regard to learners associated within a 
particular disability category” (Boone & Higgins, 2015, p. 109).  

Keep It Simple 

Simplicity of design often disappears when the multiple elements of the many instructional 
and accessibility supports championed by UDL are combined with the best-practice 
instructional strategies for individuals (a) in different disability groups, (b) who are non-
dominant language learners, and (c) who are typical learners. The goal of designing 
educational materials such that everyone can learn is compelling. It is the implementation of 
successful strategies to achieve the goal, however, is most difficult. Madea (2006, p.90) 
suggested that designing for simplicity within complex digital systems, while appearing 
difficult at first glance, ultimately gives way to the law of parsimony, that is, “The simplest 
way to achieve simplicity is through thoughtful reduction”. Gould (2012) reminds us as well 
that “The more complex the device, the greater the number of potential side consequences” 
(p. 481). And while some of the traditional instructional design axioms suggest that design 
can be separated from the medium (Dick & Carey, 1990), current mobile devices contain 
within their operating design elements of connectivity, immediacy, and mobility that 
encourage new and different interactions and expectations from users. These are elements of 
the mobile medium that cannot be ignored. 

Device Neutrality 

These design affordances exist not just in typical communication applications such as email, 
texting, telephony, and social media. Wasik (2015) referred to mobile devices as not being 
culturally neutral because many of the affordances (e.g., location detection) are easily turned 
on or are set as a default, and are not obvious to users or those around them. One example of 
this type of provocative nature was observed by many of the individuals who were early 
users of the Google Glass, a wearable computer with a “heads up” display that resembled a 
pair of glasses. People around the users were uncomfortable, not knowing what the user was 
doing with the Google Glass, or why the person needed a computer on his face (Metz, 2014). 
Another more common example is the ubiquitous design element that supports seamless 
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uploading of all sorts of personal and individual information. Many applications (apps) are 
designed to communicate with the rest of the world by continuously uploading content 
through a “cycle of escalating self-revelation” via the Internet (Wasik, 2015, p. 18).  

THE MOBILE DESIGN CONUNDRUM 

With a design imperative for educational apps for mobile devices including those mentioned 
earlier – (a) instructional clarity, (b) learner specificity, and (c) accessibility – now an 
additional variable must be considered, that of (d) platform variety (i.e., mobile, “smart” 
mobile, small screen, large screen). Learners will access digital educational content via the 
devices to which they have easiest and best access; today that means smart mobile devices 
for much of the world. “The mobility and ubiquitous connectivity of mobile devices today 
allow users to connect and pull the information that they want from the Internet piece by 
piece as they need it” (Boone & Higgins, 2015, p. 118). So where do we turn for a new 
design model? A simple decision might be to continue to use the conventional design model 
from current and past research and development. Another might be to completely reconsider 
educational app designs by emulating and replicating designs from non-educational apps that 
are proving to be intensely popular with target populations. Perhaps a compromise is best. 

Regardless, mobile devices are being used widely around the globe. There are between 
80,000 and 100,000 education apps available for the Apple iPhone and iPad, not to mention 
those available for the Android and Google devices. And they are not just abundant, they also 
are generally quite inexpensive, many with limited versions that are free. They can be 
accessed from pretty much anywhere via cellular telephony, so there is no need to connect to 
a computer or visit a store for software. With location not a hindrance, the marketplace 
becomes truly global. Many developing countries now have significant cellular telephone 
service, having never achieved universal service via conventional land-based phone lines.  

Instructional Clarity 

Boone and Higgins (2015, p. 111) advised caution when examining the efficacy of a new 
technology or trend so as to mitigate any “wow factors” associated with the new devices or 
services. Other researchers agree and are suggesting that mobile devices and their associated 
apps be evaluated the same as any other educational technology device or material (Ok, Kim, 
Kang, & Bryant, 2016). Evaluation forms and actual evaluations of educational apps are 
available online. Overall quality scores, along with rubrics that evaluate specific features 
(e.g., stated objectives, error feedback, bias-free content), are included in these new app 
evaluation standards.  

Regardless of the medium, either digital or print on paper, the basic paradigm of a textbook 
remains as the predominant learning and teaching tool for both individuals with disabilities 
as well as their typical peers (Bruhn & Hasselbring, 2013; Fenty & Barnett, 2013; Higgins, 
Boone & Lovitt, 2002). It is important to remember, however, that simple access to content 
does not insure access to learning. Learner accommodations to educational materials (i.e., 
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advance organisers, study guides, graphic organisers) provide clarity of instruction for 
students, and are equally useful in both traditional paper and digital formats.  

Learner Specificity 

Single-purpose Apps. Following a trend that has developed within the smartphone and tablet 
context, many successful educational apps, while taking advantage of the mobile operating 
system affordances, have been simplified to the point of doing only one thing, but doing it 
easily and intuitively for the user. These single-purpose apps run the gamut from teaching the 
alphabet song to preschoolers to anatomy of the human brain to classroom management 
through positive behaviour supports.  

While current design protocol such as suggested by the UDL model might provide multiple 
learning strategy options within a digital lesson from which a student or his/her teacher might 
choose the most appropriate, doing so would add an additional layer of decision-making and 
complication that is extraneous to the learning task. “With simplicity as a watchword for 
effective design, the limited scope or single-purpose app that has become such a popular 
cultural occurrence may serve well as a focus for educational apps in the future” (Boone & 
Higgins, 2015, p. 117).  

Accessibility 

Mobile Device Operating Systems. Many of the convenience features found in most mobile 
device operating systems were initially considered assistive technology to accommodate 
persons with disabilities. Figure 1 reviews the considerable catalogue of supportive features 
of the mobile operating system that can be accessed and implemented through any and all 
apps created for the device.  

 

 
Figure 1. List of convenience features from the Apple iPhone operating system that are also 

associated with assistive accommodations for persons with disabilities. 
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Armed with this extensive inventory of accommodation tools resident within the operating 
system of the mobile device, instructional designers can focus only on the educational 
aspects of the app. They must, however, consider how to simplify each app design through 
the constraints of both the supportive features listed in Figure 1 as well as the particular 
instructional strategy that targets a specific learner in a specific content or domain. These 
design considerations should include the complex interplay of (a) content, (b) pedagogy, and 
(c) technology, the same conceptual framework (i.e., TPACK) that is widely used in 
curriculum development for teacher preparation to use technology effectively in the 
classroom (Mishra & Koehler, 2006). The TPACK model is illustrated in Figure 2. 

 

 
Figure 2. TPACK model  

Reproduced with permission from tpack.org. 
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CONCLUSION 

Creating more effective and accessible educational technology solutions for online teaching 
and learning is a daunting task, especially within the divergent contexts necessitated by an 
inclusive focus on individual learners around the globe regardless of ability/disability, 
cultural barrier, or economic situation. Access to education is now available to a much 
broader audience around the world and should include not only the traditional alternative 
modalities supported by current information technologies, but also should pay attention to the 
device affordances and learning preferences and predispositions of the intended users. The 
ubiquity of cellular telephony and the wide distribution of mobile devices provide a new and 
unique platform for offering digital, interactive, and content without the need for a dedicated 
computer with an Internet connection.  
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